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Introduction
During 1989 to 1991, a nationwide

resurgence of measles occurred in which
55 467 cases, 11 251 hospitalizations, and
136 deaths were reported to the Centers
for Disease Control (CDC, unpublished
data). New York City was a major center
of the resurgence, reporting 3148 con-
firmed cases (the largest number of
reported cases of any locality during the
1991 epidemic peak), 1109 hospitaliza-
tions, and 24 deaths. In New York, as in
the rest of the nation, the attack rate was
highest in children below 5 years of age,
and 94% of these children with measles
were unvaccinated (New York City De-
partment of Health, unpublished data). A
1990 study in New York City of 45
unvaccinated measles cases in children
below 5 years of age found that, at time of
rash onset, 63% of those children had
been enrolled in the Special Supplemen-
tal Food Program for Women, Infants,
and Children (WIC).1

In January 1991, the New York State
Department of Health required that WIC
sites screen all children for immunization
status and refer those in need of immuni-
zation for services. Immunization rates for
measles among children enrolled in WIC
were reported to be greater than 80% by
24 months of age,2 a level thought to
provide herd immunity against measles
outbreaks.3 These unverified figures raised
important questions concerning immuni-
zation and outbreak control initiatives,
and in the spring of 1991 at the peak of
New York City's measles epidemic, the
New York State Department of Health
and the National Immunization Program
of the CDC sponsored a study of rates and

risk factors for verified measles immuniza-
tion among children enrolled in WIC.

Methods
Study Population

Of the 42 WIC providers in New
York City, six sites were identified that
met the following criteria: (1) enrollment
of more than 500 children aged 12 to 59
months, and (2) willingness to participate
in a subsequent immunization interven-
tion trial whose results have already been
reported.4 Each site was located in a
different neighborhood known to have high
measles activity. The subjects of this study
were children aged 12 to 59 months whose
families presented for certification or semi-
annual recertification at these WIC sites
between April 1 and September 30, 1991.

At all study sites, a study clerk
enrolled each child in the study and
interviewed the family to obtain demo-
graphic, health care, and measles vaccina-
tion information.
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TABLE 1-Comparison of the Characteristics of Children Aged 12 through 59 Months Enrolled in Six WIC Study Sites with
Those of the General Population Enrolled in WIC and with Those of Unvaccinated Children with Measles, New York
City, April to September 1991

General WIC Study Population (12-59 Months) Unvaccinated Children
WIC Populationa (12-59 Months) with Measlesb

(n =78 209) AJI (n = 6181) Unvaccinated (n = 837) (12-59 Months) (n = 45)

Child'sage,median ... 29mo 14mo 15mo
12-23 mo, % 41 38 75 76
24-35mo,% 28 26 14 16
36-47 mo, % 20 21 8 7
48-59mo,% 12 14 4 0

Racial/ethnic group, exclusive
Hispanic, % 46 55 56 67
Black, % 39 40 39 18
WhiteandAsian,% 15 5 5 15

Family situation
Single parent, % ... 71 74 ...

Grandparent/guardian, % ... 4 3 ...

Both parents, % ... 24 24 ...

Mother's age, median 29 y 27 y ...

Usual health care provider
Private physician, % ... 33 35 32
Clinic, % ... 67 65 67

Health care payment source
Medicaid, % ... 81 83 75
Private insurance, % ... 8 8 15
Seff-pay, % ... 9 7 10

Time in WIC, median for family ... 18mo 12 mo ...

Nutritional risk factors, not exclusive
Hemoglobin <110g/L 48 41 42 ...

(11 g/dL), %
Weight < 10th percentile, % 17 6 6 ...

Height <1Othpercentile,% 23 9 11
Weight/height <10th percentile, % 18 8 11 ...

Note. WIC = Special Supplemental Food Program for Women, Infants, and Children.
aAll children aged 12-59 months who presented for certification to New York City WIC during the period
bFrom a study of unvaccinated measles cases in New York City (see Hutchins et al.').

of the study, as obtained from WIC computer tapes.

follow-up visit (at least every 2 months)
until proof of measles immunity was

provided or the study period was over.

A child was considered vaccinated if
a record was obtained of measles immuni-
zation or if a physician reported to study
personnel that measles immunization had
been administered to the child on a

specific date. A child was considered
unvaccinated if either the parent or a

parent-identified health care provider
reported that the child had not received
measles immunization. The immunization
status was considered to be unascertained
if none of the evidence listed above could
be obtained.

Immunization Status Ascertainment
Eligibility for measles vaccine was

determined according to the recommenda-
tions of the Advisory Committee on

Immunization Practices5 and the policies

of the New York City Department of

Health, which since 1986 had recom-

mended that measles vaccination be pro-
vided at 12 months of age. Families of

eligible children were seen at every

Data Entiy andAnalysis
Study data forms were collected

weekly and entered into a database

program on a personal computer. Data

were analyzed with the SAS program for
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TABLE 2-Age-Specific Measles Immunization Levels among Children Aged 12
through 59 Months Enrolled In Six WIC Study Sites, New York City,
April to September 1991

Immunized before Enrollment

Age, mo Enrolled No. % 95% Cl

12-14 832 393 47 44,51
15-17 447 373 83 80,87
18-20 658 587 89 87, 92
21-23 426 385 90 88,93
24-59 3818 3607 94 94, 95

Overall 6181 5345 86 86, 87

Note. WIC = Special Supplemental Food Program for Women, Infants, and Children; Cl
confidence interval.
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personal computers.6 Children with un-
ascertained vaccination status were treated
as if they were unvaccinated. The results
were compared with those obtained by
two alternate approaches: treating such
children as vaccinated or excluding these
children from analysis.

To assess the representativeness of
the study population to the general WIC
population, demographic data concerning
the study population were compared with
data from WIC computer tapes concern-
ing all children aged 12 to 59 months
whose families presented for certification
or recertification to all WIC sites in New
York City during the same period as the
study. To assess the similarity of the study
population to the population at risk for
measles, the demographic characteristics
of the study population were also com-
pared with those of the 45 previously
described unvaccinated New York City
children aged 12 to 59 months with
measles. ' To compare age-specific vaccina-
tion rates in WIC with rates in the general
New York City population, the study
population was divided analytically into
cohorts based on year of birth, and
vaccination rates were compared with
retrospective school survey data collected
annually by the city's Department of
Health according to standard CDC meth-
ods recommended to all localities using
federal funds. In these school survey data,
the immunization records of 25 randomly
selected children enrolling for kindergar-
ten in each of 35 randomly selected
schools throughout New York City
(n = 875) are used to estimate vaccina-
tion coverage rates for the year's school
entry cohort.7

Bivariate and stratified analysis of
risk factors for lack of measles vaccination
were carried out. To this end, the Cochran-
Mantel-Haneszel procedure was used to
assess the association for categorical vari-
ables, and the Wilcoxon Rank Sum test
was used to test differences among groups
for continuous variables. A stepwise logis-
tic regression was performed, with lack of
immunization at enrollment as the depen-
dent variable and risk factors identified as
significant (P < .05) by bivariate analysis
as the candidate independent variables.

Results
Characterstics ofthe Study Population

A total of 6181 children aged 12 to 59
months were enrolled in the study be-
tween April 1 and September 30, 1991.
The measles immunization status of 6074
(98%) of enrollees was ascertained. This
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Note. The coordinates corresponding to 80% coverage by 24 months of age (commonly thought to
provide herd immunity against measles) are shown in bold. Each plot represents vaccination
coverage for a cohort of children born in the year specified at the right end of the plot. Plots in the
lower graph are for cohorts of children entering kindergarten according to retrospective school
surveys conducted each year by the New York City Department of Health. For each school cohort,
n = 875. Plots in the upper graph are for cohorts from the population of six study WIC sites. For
each WIC cohort, the number of children varies by year of birth: 1986 (n = 374), 1987 (n = 1 124),
1988 (n = 1474), 1989 (n = 1886), and 1990 (n = 1323). WIC = Special Supplemental Food
Program for Women, Infants, and Children.

FIGURE 1-Measles vaccine coverage levels by birth cohort, New York City,
1991.

was facilitated by 4874 (79%) of families
presenting vaccination documentation at
WIC certification, which reflected the
high degree of compliance with the state
requirement put into effect 4 months
before the study began that all WIC sites
screen the vaccination status of each
enrollee.

When the study population was
compared with all children 12 to 59
months of age presenting for WIC certifi-
cation in New York City during the same
period, the age distribution was similar,
but the study population had a signifi-

cantly greater proportion of Hispanics
(55% vs 46%) and a smaller proportion of
Whites (5% vs 15%) (Table 1). Since this
study excluded children under 12 months
of age and evaluated mother's age at time
of study enrollment rather than at child's
birth, data from the study population
probably underestimate WIC's capture of
young and teenage mothers. Unvacci-
nated study children did not differ by
more than 3% from the general study
population in race/ethnicity, family situa-
tion, nutritional indexes, or use of health
care providers and payment sources, but
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TABLE 3-Risk Factors for Lack of Measles Immunization among Children Aged 12 through 59 Months Enrolled In Six WIC
Study Sites, New York City, April to September 1991

Unimmunized
at Enrollment Bivariate Analysisa Multivariate Analysisb

Factor Enrolled No. % Risk Ratio 95% Cl Odds Ratio 95% Cl

Child's age
12-14 mo
15-23 mo
24-59 mo

Racial/ethnic group
Hispanic
Black
White and Asian

Family situation
Single parent
Grandparent/guardian
Both parents

Mother's age
<20y
20-29 y
>30y

Usual health care provider
Private physician
Clinic linked to WIC site
Clinic not linked to WIC site

Health care payment source
Medicaid
Private insurance
Self-pay

Family's time in WIC
<12 mo
12-23 mo
>24 mo

Nutritional risk factors
Hemoglobin g/L
<110
.110

Weight percentile
<10th
> 10th

Height percentile
<10th
.10th

Weight/height percentile
<10th
.10th

832
1531
3817

3372
2471
322

4410
269
1497

262
3069
2838

2014
2241
1897

4996
463
535

1829
2115
2222

2507
3674

373
5808

574
5607

505
5676

439
186
211

468
327
40

617
21
198

53
457
324

295
307
232

688
67
56

352
366
118

350
486

53 9.55*
12 2.20*
6 Referent

14 1.12
13 1.07
12 Referent

14 1.06
8 0.59*
13 Referent

20 1.77*
15 1.30*
1 1 Referent

15 1.20*
14 1.12
12 Referent

14 1.32*
14 1.38
10 Referent

19 3.62*
17 3.26*
5 Referent

14 1.06
13 Referent

53 14 1.05
783 13 Referent

92
744

90

746

16 1.21
13 Referent

18 1.36*
1 3 Referent

8.25,11.05 20.31 *
1.82, 2.65 2.45*

Referent

0.83,1.51
0.78,1.45

0.91, 1.23
0.38, 0.91

1.36, 2.30
1.14,1.49

1.02,1.41
0.96,1.31

1.02,1.69
0.99,1.93

2.97, 4.42
2.67, 3.98

0.93,1.20

0.82,1.36

0.99, 1.47

1.11, 1.65

1.41*
1.09

Referent

1.52*
1.61 *

Referent

Note. WIC = Special Supplemental Food Program for Women, Infants, and Children; Cl = confidence interval.
aRatios followed by an asterisk are statistically significant (P < .05).
bFor multivariate results, only variables containing statistically significant (P < .05) factors are shown.

they were significantly younger (median
14 vs 29 months, P < .001). When the
unvaccinated WIC study population was

compared with the group of 45 unvacci-
nated 12- to 59-month-old children with
measles investigated during the 1990
epidemic in New York City,' the patterns
of use of health care providers, the
payment sources, and the age distribution
were not significantly different although
the proportion of Hispanics and Blacks
together was higher in the WIC study
population (95% vs 85%, P = .002).

Immunization Rates

No site had measles immunization
rates below 80% for children 21 to 23
months of age or older (Table 2). When
the 107 children whose vaccination status
could not be ascertained were either
categorized as vaccinated or excluded
from analysis, immunization rates in-
creased slightly, from 86% to 88%.

For the three cohorts of entering
kindergarteners for which data are avail-
able, measles immunization ranged be-

tween 75% and 80% at 24 months, with a

rate of improvement of less than 5% per
year (Figure 1). In contrast, coverage for
the older WIC cohorts was lower, but
each successive WIC cohort improved by
5% to 10% compared with the previous
cohort.

Risk Factorsfor Lack ofImmunization
In bivariate analysis and in a logistic

regression model, the child's age was the
dominant risk factor for lack of vaccina-
tion, but significant risks were also created
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16.66, 24.76
1.99, 2.45

1.14,1.74
0.89,1.35

1.10, 2.10
1.05, 2.47
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by the use of a private physician as a usual
health care provider and Medicaid as a
health payment source (Table 3). No
interactions among these factors were
identified. Other factors identified as risks
in bivariate analysis lost significance when
either stratified by or paired in a logistic
model with child's age. When the analysis
was repeated for each individual WIC
site, child's age was always the dominant
risk factor for lack of vaccination
(P < .0001) but provider type and pay-
ment source did not consistently retain
statistical significance. The analysis was
also repeated with children whose immu-
nization status was unascertained either
being treated as vaccinated rather than as
unvaccinated, or being excluded from
analysis. In this case, all risk factors in the
model described above retained their
statistical significance and relative impor-
tance, and no other factors improved the
fit of the model.

Discussion
We investigated the characteristics

and measles immunization status of 6181
preschool children enrolled in WIC dur-
ing a major measles epidemic in New
York City in 1991. We found that measles
vaccination rates were surprisingly
high-at least 90% for those older than 21
months. Since we required documentary
evidence of measles vaccination to classify
a child as vaccinated, and since the study
ascertainment rate for immunization sta-
tus exceeded 98%, it appears unlikely that
these vaccination rates are overestimates.
It is possible that the study population
differed from the general WIC population
or from a subpopulation at increased risk
for measles. However, for accessible vari-
ables, we found that our study population
resembled the general New York City
WIC preschool population enrolled dur-
ing the same period as the study was
conducted, and our unvaccinated study
population resembled that of New York
City's unvaccinated preschool measles
cases.

The improvement in immunization
for each birth cohort in WIC suggests that
the WIC population may have had worse
measles vaccination coverage in the past.
However, we found no convincing evi-
dence that this improvement could be
attributed to vaccination activity during
the outbreak of the previous year. Since
WIC requires a well-child care visit at 12
months of age and since the major
immunization improvements over time
appeared to arise from improved uptake

of measles vaccine in the 12- to 15-month
age group, the WIC policy of requiring
preventive care at 12 months may have
played a central role in the steady rise in
coverage among WIC children.

Whatever the cause, age-specific im-
munization rates for the WIC study
population exceeded the threshold level
of 80% for 2-year-olds that a study of a
measles outbreak in Milwaukee in 1989/90
estimated to confer herd immunity on
preschool children in census tracts.3 Chil-
dren enrolled in WIC do not constitute a
geographical population, so concepts of
herd immunity may not apply. However,
each study site was located in a zone of
high measles activity, no site had an
age-specific immunization rate below 80%
at 24 months, the study took place at the
peak of New York City's measles epi-
demic, and WIC-enrolled children consti-
tuted 63% of the city's unvaccinated
measles cases.

Outbreaks of measles have often
occurred in school populations where
vaccination and immunity exceed 95%.810
Given the demographic changes that have
brought urban preschoolers together in
licensed or unlicensed day care, WIC,
public assistance, medical waiting rooms,
and other group environments, transmis-
sion may occur in certain preschool
populations with an efficiency comparable
to that of school outbreaks. These data
suggest that levels of vaccination compa-
rable to those needed to prevent school-
based outbreaks may be necessary to
prevent outbreaks of measles in certain
preschool populations of high-risk chil-
dren. With measles immunization now
above 80% for the nation as a whole,"1 the
National Immunization Program, as part
of a national measles elimination strategy,
is focusing efforts on raising coverage in
areas at high risk for disease transmission.

It was unexpected that children en-
rolled in Medicaid should be at a 32%
(95% confidence interval [CI] = 2%, 69%)
increased risk for lack of vaccination
compared with children whose families
paid for health care themselves. At the
time of this study, Medicaid provided a
reimbursement fee of $2 for administra-
tion of vaccination. Unpublished data
from the CDC suggest that in 1990, $10
was the minimum administration fee that
would allow a Georgia public clinic
employing a nurse to break even for
vaccination; the break-even point for a
New York City private physician would
certainly have been more. Thus, vaccina-
tion of a Medicaid child in New York may
well have inflicted an obligatory fiscal loss

on a provider, creating an incentive not to
vaccinate.

A recent analysis of the National
Medical Expenditure Survey found that,
among persons who failed to receive
preventive services, Medicaid recipients
were the most poorly immunized, lagging
behind those who were uninsured.12 In a
study of neonatal hepatitis B immuniza-
tion in New York City, children enrolled
in Medicaid were at increased risk of
undervaccination when compared with
children who either had or did not have
health insurance.13 Other studies have
found receipt of Medicaid a risk factor for
undervaccination of inner-city children'4
and for physicians referring children out
of their practice for vaccination.1""7 The
rapid shift of Medicaid-enrolled children
into managed care makes the relationship
of Medicaid to undervaccination a high
priority for further research.

Children whose usual health care
providers were private physicians were at
a 20% (95% CI = 2%, 41%) increased
risk for lack of vaccination compared with
children who attended clinics. Immuniza-
tion rates among private physicians may
have been low for the 12- to 15-month age
group because these physicians chose to
defer vaccination to 15 months of age
rather than follow the recommendations
of the New York City Department of
Health to begin vaccination at 12 months
of age. This lowered age had been
publicized and promoted in the city since
1986 but may have been more fully
adhered to in the public sector, where a
chain of command can speed the imple-
mentation of policy changes. However,
low immunization rates for all antigens
have been found among children seen by
some inner-city private physicians,'8 and
the use of a private provider was found to
be a risk factor for undervaccination
among minority children in Los Angeles.'4
Since approximately half of all New York
City vaccinations take place in the private
sector (New York City Department of
Health, unpublished data), research is
needed to identify reimbursement and
other strategies that favor high coverage
in the private sector.

The dominant influence ofyoung age
is logical (older children have more time
to get vaccinated) and tends to simplify
measles immunization initiatives in WIC.
A clerk need not create complex and
perhaps controversial profiles involving
race, family status, and other factors to
estimate the risk of undervaccination.

This study had a number of limita-
tions. The study children were from six
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volunteer sites whose populations may
not be completely representative of the
general WIC population. Data concern-
ing other vaccinations were not collected
in our study, so it is not possible to state
whether the findings for measles immuni-
zation rates and risks apply to vaccine
coverage in general.

Currently WIC enrolls more than
98 000 (72%) of New York City's 136 000
infants (New York State WIC program,
unpublished data, 1994) and 1.7 million
(43%) of this country's 4.0 million infants
(US Dept of Agriculture, unpublished
data, 1994). No other program has such
high capture of the nation's preschool
children and of urban children at highest
risk. Our study data, despite their limita-
tions, suggest that immunization initia-
tives in WIC may be facilitated by the ease
of vaccination documentation-an essen-
tial precondition for effective immuniza-
tion interventions-and by a program-
matic emphasis on preventive care that
may already have improved vaccination
rates in the New York City WIC popula-
tion over time.

As a result of preliminary analysis of
data arising from this study, the interven-
tion trial that followed,4 and demonstra-
tion projects elsewhere, WIC has been
made a major focus of national preschool
immunization initiatives (Joint letter from
the director, National Immunization Pro-
gram, CDC, and the director, Supplemen-
tal Food Programs Division, USDA, Janu-
ary 5, 1995). A 1995 survey of states
indicated that 72% of local WIC agencies
were screening enrolled children for their
immunization status, with many providing
other services as well.19 Beginning in 1996,
congressional appropriation language re-
quires all states and localities receiving
federal immunization grants to spend
10% of such funds on establishing link-
ages with WIC in accordance with guide-
lines set forth by the CDC. The final
analysis of our study data provides sup-
port for this national initiative, but the
unexpected finding of measles vaccination
rates of more than 80% among the New

York City WIC population at the peak of
a major epidemic underscores the need to
achieve high coverage among these high-
risk children to protect them against
vaccine-preventable diseases. O
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